Staphylococcus aureus is a major bacterial pathogen involved in a wide range of diseases varying from infections to toxaemia. Staphylococcal food-poisoning syndrome is caused by ingestion of bacterial enterotoxins. These toxins are microbial superantigens and may also be virulence factors involved in staphylococcal infection. This study determined the enterotoxin types and pulsed-field gel patterns found among S. aureus isolates obtained from food handlers in community or hospital-located kitchens. Staphylococcal enterotoxin C was the most frequent enterotoxin produced. The data also suggested horizontal spread of ent genes among isolates belonging to the Brazilian epidemic MRSA clone 1II::B:A. A subclone of MRSA clone 1II::B:A was isolated from two hospital kitchen workers. This was the first report of this clone from a hospital in Teresina, Piaui State, although the presence of this MRSA clone has already been reported in six other Brazilian cities.
Introduction
The importance of Staphylococcus aureus in diseases ranging from acute infections-which may be either localised or invasive-to acute toxaemia is well-known [ 1-31. Staphylococcal food-poisoning syndrome is an intoxication caused by ingestion of staphylococcal enterotoxins (SEs). These toxins are characterised on the basis of their immunological reactivity and have been designated as SEA, SEB, SECl, SEC2, SEC3, SED, SEE and SEH [4-111. SEs are mitogenic for lymphocytes and are called microbial superantigens because of their ability to stimulate subsets of T cells by binding to MHC class I1 molecules (Ia) on the antigen-presenting cells [ 12, 131. Genetic analysis has shown that the SEA gene (entA) is inserted within bacteriophage DNA that is present in at least two integration sites on the staphylococcal chromosome [14] . The SEB gene (entB) is associated with a large genetic element on the staphylococcal chromosome, but it is not known whether this is an integrated plasmid, phage or transposon [ 151. The SEC gene (entC) is also chromosomally located [16] , but the SED gene (entD) is located on a plasmid that also carries penicillin and cadmium resistance genes [ 
171.
Finally, the SEE gene (entE) is associated with a defective phage inserted in the chromosome [ 
181.
Despite this detailed genetic characterisation, little is known of the evolution and spread of ent genes among S. aureus strains. However, Renaud et al. [19] studied 39 SEB strains and showed that these isolates derived from only three clones.
Acquisition of antibiotic resistance by S. aureus has been recognised as a major health problem. Numerous hospital infections, worldwide, are caused by methicillin-resistant S. aureus (MRSA) [20, 211 and a foodinitiated hospital outbreak caused by MRSA has been described [22] . This paper investigated enterotoxin production by different S. aureus clones-including the Brazilian epidemic MRSA clone 1II::B:A [23] isolated from food handlers in community and hospital-located kitchens.
Materials and methods

Study population
In total, 196 food handlers from four hospital kitchens and five community-located restaurants in Teresina City, Piaui State, in the northeast of Brazil, were screened. There was no indication of staphylococcal infection in any of the food handlers and none had used antibiotics in the preceding 3 months.
Bacterial strains
Swabs from anterior nares were streaked on Trypticase Soy Agar (TSA; Difco) supplemented with sheep blood (Difco) 5% v/v. The plates were incubated at 37°C for 24 h. Fingernail specimens were streaked on Mannitol Salt Agar (MSA; Difco) and incubated at 37°C for 72 h. Five typical Staphylococcus colonies from both plates were selected. Identification as S. azireus was by routine tests [24] . Stock cultures were prepared in sterile glycerol 10% v/v and stored at -70°C. In addition, six multiresistant S. aweus hospital isolates belonging to the Brazilian epidemic clone 1II::B:A [23] were used for enterotoxin production and detection studies.
Enterotoxin production and detection
The cellophane-over-agar method described by Hallander [25] , modified by Jarvis and Lawrence [26] , was used for enterotoxin production. The optimum-sensitivity plate (OSP) method was used for enterotoxin detection [27] . Purified enterotoxins and specific antisera used in the immunodiffusion test were kindly provided by Dr M. S. Bergdoll (Food Research Institute, University of Wisconsin).
DNA preparation
All procedures for preparation of genomic or plasmid DNA were as described previously [28] , except that S. aureus cell lysis was achieved following pre-incubation of the bacteria with 90 U of lysostaphin (Sigma) for 3 h at 37°C.
Pu1sed:field gel electrophoresis
Preparation of bacterial DNA and digestion with SmaI were as described previously [29] . Pulsed-field gel electrophoresis (PFGE) was performed with a CHEF-DR III apparatus (BioRad) and a voltage of 6 V/cm, ramped with an initial forward time of 1 s and a final forward time of 30 s. Agarose 1% w/v gels were run for 23 h at 11.3"C in 50 mM Tris buffer containing 50mM boric acid and 0.2 mM EDTA, pH 8.0 (0.5 X TBE). Gel staining and photography were as described previously [28] . Strains that shared the same PFGE pattern were assigned a common capital letter. Strains that differed in one-to-three bands were assigned a common capital letter and a subtype number. Strains with more than three band differences were assigned a different capital letter and considered to be another clone [30, 311 .
Antibiotic susceptibility
The Kirby-Bauer test was performed as recommended by the National Committee for Clinical Laboratory Standards [32] . The disks (Cecon Ltd., Brazil) used contained the following antibiotics: penicillin G (PN, 10 U); oxacillin ( 
Screening test for methicillin resistance
This test was performed as described previously [33] , except that methicillin 25 mg/L agar plates were prepared with Mueller-Hinton Agar (MHA, Difco) instead of TSA. After an incubation period of 24 h at 37"C, any growth was taken as an indication of resistance and examined further with a mecA-specific DNA probe (see below).
Preparation of the mecA DNA probe
The fluorescein-labelled mecA DNA probe used in this study was the 1.196-kb Pst I-Xba I fragment (MF 13) from the mecA gene of the Australian type strain ANS46, cloned in pTZ219 [34] . The probe was recovered following electrophoresis of restriction endonuclease-digested plasmid DNA on an agarose 0.8% w/v gel with a Sephaglas Bandprep Kit (Pharmacia) and labelled with fluorescein by the ECL Random Prime Labelling System (Amersham International) as recommended by the manufacturer.
Dot-blot hybridisation
Samples (3 pl) of genomic DNA preparations were blotted on to PhotoGene Nylon Membranes (Gibco BRL) after denaturation of the DNA at 100°C for 5 min. The DNA was fixed by baking at 80°C for 2 h. Hybridisation and wash conditions were according to the ECL protocol. Positive hybridisation results were detected following incubation with anti-fluorescein-HRP conjugate as recommended for the ECL system. The signals generated were recorded on X-ray film (X OMAT XK 1; Kodak). S aureus strain Col was used as a positive control for mecA and was obtained from Dr A. Tomasz, Rockefeller University, New York.
Results
S. azireus colonisation
S. aureus was isolated from 9 1 (46.4%) of the 196 food handlers studied. Among the 91 carriers, isolation of S. aurezis from the nares was more common than isolation from hands (Table 1) . It was also observed that the frequency of nasal S. aureus carriage was higher amongst hospital workers than in workers from community-located kitchens. In contrast, hand colonisation with S. aureus was commoner among food handlers from community-located kitchens than among hospital kitchen workers (Table 1) .
Enterotoxin production
Of 91 carriers, 26 (28.6%) were colonised by enterotoxin-producing strains. Sixteen (6 1.5%) of these 26 workers harboured enterotoxigenic strains of S. aureus in their nose only, seven (27%) on their hands only, and three (1 1.5%) at both sites. The strains produced SEA, SEB, SEC, SED or SEE, or combinations of these toxins. The percentage of carriers from whom enterotoxin-producing strains were isolated was 32.6% for hospital workers and 23.8% for food handlers from community-located kitchens. Overall, SEC was the toxin produced most frequently ( Table 2 ).
Isolates that produced one enterotoxin type alone were most common; however, seven (26.9%) of the 26 carriers yielded strains that produced a combination of different enterotoxin types (Table 2) .
Antibiotic susceptibility and detection of the mecA gene
The susceptibility profiles of 130 S. aureiis isolates from the food handlers were analysed (Table 3) . Although 81% and 94% of the strains studied, isolated from community-and hospital-located kitchen carriers, respectively, were resistant to penicillin and ampicillin, most of the strains were susceptible to the remaining "Five SEB-producing colonies were obtained from nares and two from hands. +Strain carrying the mecA gene. $Five SEC-producing colonies were isolated from nares and three from hands. 'Five SEB-producing colonies were isolated from nares and one from hands. "Two colonies producing SEA and SEB were isolated from nares. antibiotics tested. However, increased resistance to erythromycin (21 YO) and tetracycline (23%) was observed, mainly among hospital-worker isolates. When disk diffusion tests were used, all of the strains studied were oxacillin-susceptible. However, screening on methicillin 25 mg/L agar detected MRSA isolates from the nares of three carriers. The methicillin-resistant strains were multiresistant and showed susceptibility only to vancomycin. The presence of the mecA gene in these strains was confirmed with the specific mecA probe (Fig. 1 ).
PFGE patterns
Fourteen major PFGE patterns were observed following analysis of 24 enterotoxigenic S. aureus isolates ( Table  4 ). All the SEA-producing strains tested had the same PFGE pattern, except for two multiresistant SEA strains. Four SEB-producing strains yielded three different PFGE patterns. Finally, 13 SEC-producing strains yielded eight different PFGE patterns, Two of the three MRSA isolates had a PFGE pattern similar to that of the Brazilian epidemic multiresistant clone 1II::B:A (Fig. 2a ) [23] , differing by only one PFGE band (Fig. 2b) . In addition to these two MRSA strains, six hospital isolates belonging to clone 1II::B:A were tested for enterotoxin production. Most of these strains produced different combinations of enterotoxins, although they appeared to be closely related by PFGE typing ( Table 5) .
Discussion
It has been reported previously that 10-50% of the human population are healthy carriers of S. aureus [35, 361 and that about 30% of these strains are enterotoxigenic S. aureus [9] . However, lower (6.4-16.7%) and higher (47-76%) percentages of enterotoxin-producing S. aureus isolates have also been described [9, [37] [38] [39] [40] [41] [42] . The study presented in this paper found that 91 (46.4%) of 196 kitchen workers harboured S. aureus in their anterior nares, on their hands or at both sites. The total incidence of S. aureus was similar between workers from community-and hospital-located kitchens (43.3% and 49.5%, respectively). However, as observed previously [35, 43] , the frequency of nose isolates was significantly higher (p < 0.05; x 2 ) among hospital workers. The lower recovery of S. aureus from the hands of hospital kitchen workers might be related to implementation of hospital control measures to stop transmission of epidemic bacteria. The overall incidence of enterotoxigenic S. aureus was 32.6% and 23.8% for hospital-and community-located kitchen isolates, respectively. However, this difference was not significant.
The predominance of specific enterotoxin types among S. aureus isolates from human carriers is variable. Adesiyun et al. [44] found that SEA was produced by 32.7% of all enterotoxigenic strains, while SEC and SED were produced by 6.8% and 6.3%, respectively, of the strains examined. In contrast, Reali [42] found that S. aureus strains producing SEB were the most common isolates. The present study found that 50% of the S. aureus isolates produced SEC, 23.1% SEA and 15.4% SEB. A predominance of SEC-producing S. A food-related hospital outbreak of infection caused by MRSA has been described previously [22] and, combined with the results from the present study, these data indicate that kitchen workers may contribute to hospital dissemination of epidemic multiresistant S. aur-eus clones. Hospital kitchen workers carrying MRSA seem not to be rare and should be given special attention during control measures to stop MRSA transmission during outbreaks. A further MRSA clone was isolated from a carrier in a community-located kitchen. Clone 11I::B:A and other MRSA clones have also been observed among S. azirezis isolates from healthy carriers in Rio de Janeiro [54] . The wide dissemination of these multiresistant S. azireus clones in the community would be a serious health problem and health counsellors should not underestimate this risk.
PFGE analysis of the enterotoxigenic strains revealed clonal diversity, with the exception of the five SEAproducing strains that belonged to the same clone. Similar diversity was reported previously among SECproducing S. aurais isolates from human and food sources [55] . In contrast, Renaud et al. [19] found that 39 SEB-producing strains probably originated from only three clones.
Eight isolates belonging to MRSA clone 1II::B:A varied from non-enterotoxin producers to producers of different combinations of enterotoxin types (Table 5) . Thus, acquisition of ent genes by this clone seems to have occurred after the acquisition of mecA and the Tn.554 transposon. The diversity of enterotoxin types produced by this clone suggests that the acquisition of ent genes might have occurred by horizontal transmission. Marr et al. [ 5 5 ] studied 15 SEC-producing strains and confirmed the wide spread transmission of this gene among S. aureus isolates.
In conclusion, these results suggest that the recent acquisition of ent genes by isolates belonging to MRSA clone 1II::B:A occurred by horizontal transfer and that this phenomenon might be a common mechanism for spread of ent genes among strains of S. aureus. Attention should be given to the dissemination of MRSA clone 1II::B:A and to the presence of MRSA clones colonising the nares of carriers in hospital-or community-located kitchens.
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